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Preface 
 
SOMO, as an independent research institute, is interested in effects on human health by emissions 
from coal-fired power plants in the European Union. The Open Universiteit has been asked to carry out 
research into the possibilities of linking emissions from coal-fired power plants to human health effects 
and, if possible quantify these effects as cases per year for health end points or as cost to society. As 
this report gives basic information about the health impact analyses, it can be used for health impact 
assessments of power plant in the European Union.  
 
The report consists of an introduction into production and use of electricity, emissions during 
production and effects from air pollution in general. Chapter 2 describes the methods used for this 
research. In chapter 3 relevant emissions from power plants for further research are selected. The 
effects of these emissions and their secondary pollutants are described in chapter 4. Chapter 5 
discusses the dispersion of pollutants followed in chapter 6 by concentration-effect relations and 
valuation of health effects. In chapter 7 two models are selected, sample calculations are made and 
compared. Discussion about the use of the two models can be found in chapter 8. Chapter 8 also gives 
the conclusion and recommendations.  
 
I like to thank Joseph Wilde M.A. and Fleur Scheele M.Sc. from SOMO and Dr. Dennis Uit de Weerd 
from Open Universiteit for their support and help during the research. 
  
Abstract  
Coal-fired power plants generate emissions such as NOx, SOx, and particle matter. These emissions 
and their reaction products can cause health damage, to exposed people. This literature study is 
looking into the question whether one can determine the contribution to health damage of a single 
coal- fired power plant in the European Union. Models are available to calculate the health impact due 
to exposure of ozone and particle matter. Two ‘easier’ to use models, the RiskPoll 1.051 and CAFE 
methodology, are discussed.  Both models allow calculation on the basis of publicly available 
information. As there is a difference in C-R functions, valuation and assumptions, a difference up to a 
factor 7 was found when comparing the calculated best estimates.  
 
The CAFE methodology has preferences, as the CAFE methodology is supported by Directorate General 
Environment of the EU and kept up to date. The CAFE methodology has a high potential, but needs a 
decent manual for it use. This manual should include: limitations, the method, uncertainties, source of 
data and concentration response functions. Only this way the method can become clear and accepted 
by all stakeholders. 
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1. Introduction 
Electricity has helped to increase human health by extending medical possibilities, conserving food, 
improving sanitation, improving indoor air quality etc. Nowadays in Western Europe electricity is widely 
used, not only to improve human health, but it has become a necessity to perform many functions in 
society, e.g. medical healthcare in hospitals and computer networks for controlling traffic. Therefore a 
certain security of supply of electricity is required. The European Union has a policy in which this 
security of supply is stated (European Union, 2011). One of the used policy instruments is the spread 
in used fuels and their origin. Another relevant policy in the European Union is the free and open 
market concept, which also applies to the electricity market (International Energy Agency, 2008). As 
can be seen in figure 1 the cost of fuel and used technology has a major effect on the overall cost per 
produced MW. In an open market producers of electricity will chose technologies and fuels to 
economically produce the required electricity. The European Union uses the CO2 market (European 
Commission, 2010) and the Large Combustion Plant Directive (European Union, 2008) to control this 
market, and reduce the emissions per produced MW. D’Orrazio & Polleti (2009) question the 
effectiveness of these tools towards reduction of emissions in an open electricity market.  
 
 
 
Figure 1. The price per MWh for nuclear, coal, gas and onshore wind power plants per region. (Source: 
Organization for Economic Co-operation and Development, 2010). 
 
Production of electricity, whether coal, oil, biomass or gas is used as a fuel, results in emissions to air, 
ground and water. A lot of the emissions, whether they come from power plants, traffic, industrial 
facilities, household heating or agriculture, can cause damage to human health or are known as 
greenhouse gasses. The amount of emissions per produced MW depends on type of fuel, type of 
conversion process and use of end of pipe technologies. Some technologies, like producing energy 
from wind results in zero emissions to air. Others like coal-fired power plants may result in emissions 
such as CO2, NOx, SOX, particle matter (PM), heavy metals and volatile organic compounds (VOC) 
(Environment, Health & Engineering, 2011).  Rijksinstituut voor Volksgezondheid en Milieu (2011) 
estimated that in the Netherlands in 2011 exposure to particle matter, at current levels, reduces the 
average life time of the population with about 1 year. The current concentration of particle matter in 
the air is caused by emissions from different sources and the reaction in the atmosphere between 
different gasses and or gasses and particles.  
The effect on human health, as premature death caused by exposure to particle matter, is a reason for 
concern among stakeholders. Therefore this study will seek an answer to the question whether  the 
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contribution in damage to human health of a single coal-fired power plant can be determined in loss of 
life, additional morbidity or can be expressed as a cost.  
To answer the question above the following underlying questions need to be answered: 
• What emissions (substances and quantities) are emitted by existing coal-fired power 
plants in the European Union?  
• What are the potentially health-impairing substances in the emissions, and what are 
their effects on human health? 
• What factors determine the exposure of humans to these health impairing substances 
from emissions? 
• Can exposure to emissions be translated to loss of life / value of life and / or 
associated costs? 
• Is there a model available, or can it be made, on the basis of which the emissions can 
be translated to loss of life, value of life or costs?  
 
This study will limit itself to a literature study and calculations with models on the effects on human 
health from emissions to air from coal-fired power plant in the European Union. It will only use 
scientific data that is generally accepted and reviewed. Questionable effects and or valuations that are 
still open for discussion, like the effects of CO2 on human health are excluded from this study. Also 
additional effects from interactions between pollutants are excluded from this study.  
2. Methods 
 
This study is mainly based on literature from peer reviewed article and books. Literature has been 
selected by using the digital library from Open Universiteit using key words as: ozone, particle matter, 
dispersion, HIA, coal-fired, power plant, human health, electricity, air pollution. Also information from 
the websites of WHO, EEA, E-PRTR and EPA was used for this study.  
 
Calculations of health impact due to emissions to air were done with the RiskPoll version 1.051 and 
publications in the Clean Air For Europe (CAFE) programme. Also the calculation sheet build by 
Myllyvirta (2012) was used as an  input for the calculations. The choice for these two models is based 
on the following criteria: 
• able to give an estimate of health effects within a reasonable margins; 
• able to determine effects PM and ozone exposure due to of PM, NOx and SOx emissions; 
• fit the European context of population, dispersion and exposure to pollutants as well as  
the economic and social status; 
• able to determine the effects of a single emission source with a more or less constant 
flow of emissions over the year;  
• not require the input of specific data, as stack height and velocity of flue gasses leaving 
the stack, as the model will be used by third parties (non-government and non-
industry) (If available, they could be used to reduce the uncertainty of the calculation); 
• widely accepted in industry and government as a model to determine effects on human 
health. 
Models, such as Ecosense (Extern-E, 2011), may give more specific information, but require 
information which is not publicly available.  
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3. Emissions from coal-fired power plants, an 
inventory. 
 
To determine the emissions that coal-fired power plants release into the air, a small survey of the 
emissions of 12 coal-fired power plants in de European Union was executed. The selection was made 
from different countries in the European Union for which information was available about:  
• Fuel (only facilities which use coal or coal combined with bio-mass were chosen) 
• Rated output (a variation of outputs was chosen between 400-3000 MW). 
 
Emissions were taken from the European database E-PRTR. In the E-PRTR database all thermal power 
stations over 50 MW have to report emissions above the thresholds stated in the Annex II in the EC 
directive 166/ 2006 (European Pollutant Release and Transfer Register, n.d.a.). Emissions are reported 
to local government. The local government collects and checks the data and reports in the E-PRTR 
database. Table 1 shows the results of this survey. It shows that coal-fired power plants report a wide 
array of emissions.  Some of these emissions are only reported in small quantities or by a limited 
number of power plants. 
 
Emission 
Average reported 
in 2009 in kg 
Reported by 
number of plants 
Carbon dioxide CO2 3.710.667.000  12 
Carbon monoxide CO 200.000  1 
Nitrous oxide N2O 19.325 6 
Nitrogen oxide (NOx) 3.855.000 12 
Sulphur oxide (SOx) 5.218.750 12 
Particle matter (PM10) 199783  9 
Methane (CH4) 17.750 2 
Copper and compounds (Cu) 102 4 
Lead and compounds (Pb) 114 6 
Arsenic and compounds (As) 43 6 
Cadmium and compounds (Cd) 7 2 
Chlorine and inorganic compounds (HCL) 85 5 
Fluorine  and inorganic compounds (HF) 45 10 
Mercury and compounds (Hg) 37 9 
Nickel and compounds (Ni) 174 5 
Chromium and compounds (Cr) 69 4 
Sulphur  hexafluoride (SF6) 37 2 
Zinc  and compounds (Zn) 1161 5 
Volatile organic substances incl. Benzene (VOC) 278 1 
Hydrochlorofluorocarbons (HCFC) 0,15 1 
Hydro-fluorocarbons (HFC) 16 1 
Polychlorinated biphenyls (PCB) 0,05 2 
Dioxins and Furans (PCDD and PCDF) 0,01 1 
Table 1. Emissions in 2009 from 12 coal-fired power plants in de European Union. (Source: European 
Pollution Release and Transfer Register, n.d.b.) 
 
Full details of the reported emissions can be found in Appendix 9. As production figures from power 
plants are in most of the cases restricted information, it was not possible to determine the emissions 
per produced MW. 
The American Lung Association (2011), in their toxic-air report, mentions HCl, HF, PCDD, PCDF, Hg, 
An, As, Be, Cd, Cr, Ni, Se, Mn, Pb, PAH, radio isotopes, VOC including Benzene and Formaldehyde, 
PM10, and PM2,5 as emissions from coal-fired power plants. The report does not give any amounts of 
these emissions. It only states that emissions may vary due to the used coal and the used technology. 
Emissions of SOx and NOx are not mentioned in that report. SOx, NOx and PM10 are mentioned as the 
most important pollutants in relation to human health by the Clean Air Task Force (2010). 
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 The European Environment Agency 
(2011.b.) did a study to reveal the costs 
of air pollution from industrial facilities. 
This study included the NOx, SO2, NH3, 
Non methane volatile organic 
compounds (NMVOC’s), PM, heavy 
metals, organic micro pollutants and 
CO2.  
 
As can been seen in figure 2, not only 
emissions may directly influence human 
health, but once released in the air also 
the products of their reactions, such as 
ozone and secondary particle matter, 
may have an influence on human health.  
 
Figure 2: Major air pollutants in Europe. (Source: European Environment Agency, 2011.a.) 
 
To determine the effects that emissions from coal-fired power plants can have on human health, the 
reported emissions in E-PRTR will be the used. The focus will be on the primary pollutants SOx , NOx 
and particle matter. Secondary particle matter, formed by nitrates and sulfates, and ozone, formed 
from NOx emissions, will also be taken in account. The reasons for this focus are that: 
• Particle matter and ozone are the major concern for human health in Europe (European 
Environment Agency, 2011.c.)  
• The major part of the emissions from coal-fired power plants  are PM, SOx  and NOx  
• These emissions are found in the majority of the coal-fired power plants 
 
Carbon dioxide is left out of the study because of the ongoing discussion over the effects of carbon 
dioxide related to human health (European Environment Agency, 2011.b.). 
 
The emissions chosen above are not limited to power generation by burning coal. Figure 3 shows the 
percentage emissions sector wise. Power generation was responsible for the larger part SO2 emissions 
in de EU-151 in the year 2000. Transport was responsible for the major part of NOx emissions in 2000 
within the EU-15. 
 
 
 
 
Figure 3. Emissions by sectors for the year 2000 in the EU-15. (Source data: Amann et al., 2005) 
 
                                               
1 EU 15 consists of Austria, Netherlands, Belgium, Germany, France, Denmark, Finland, 
Greece, Ireland, Italy, Portugal, Spain, Sweden, UK and Luxembourg. 
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4. Effects from air pollution 
4.1 Primary pollutants  
4.1.1 Particle matter 
Particle matter is formed from natural and anthropogenic sources. This study will limit itself to 
anthropogenic emissions of particle matter. Particle matter can be formed during the combustion of 
fossil fuels. This is called primary particle matter. Particle matter can also be formed afterwards in the 
air. If gases like sulphur- and nitrogen oxides react with each other or with existing particle matter, so-
called secondary particle matter is formed (CBS, PBL and Wageningen UR, 2012). 
Particle matter is divided in three groups, namely PM10, PM2,5 and ultrafine particle matter PM0.1. 
Sometimes PM1 is also found in literature. In the EU only PM10 is reported under the EU directive EC 
166/ 2006 (European Pollutant Release and Transfer Register, n.d.d.). There were no emission records 
found in the public domain dealing with PM2,5 and or PM 0.1 emissions. A study in 2007, were exhaust 
gasses from coal-fired power plants were sampled, showed 25-52% of particle matter being PM1, 66-
76% being PM2.5, and 84-97% being PM10 (Ehrlich, Noll, Kalkoff, Baumbach & Dreisseidler, 2007).  It 
should be noted that all these installation used a system to reduce particle matter in the exhaust 
gasses. The results of this study, done by Ehrlich et al. (2007), can be found in appendix 1.  
The route of exposure to particle matter for humans is through inhalation. Of the inhaled particle 
matter, it seems that PM fraction 0.1 -2.5 is less deposited in the lungs than the other groups 
(Rijksinstituut voor Volksgezondheid en Milieu, 2000). Not all persons show the same amount of 
deposition. A trial with persons with an obstructive airway disease showed an increase in deposited 
particle matter in their lungs (Kim & Kang, 1997).  
 
Long term epidemiological studies (Kappos et al., 2004) on exposure to particle matter show an 
increase in: 
• Cardiopulmonary mortality 
• Cancer mortality  
• Prevalence to cough  
• Bronchitis  
Short term studies (Kappos et al., 2004) show associations between exposure to high concentrations 
for a short period of time and: 
• Consultations of physicians  
• Increased mortality rate 
4.1.2 Sulphur oxides (SOx) 
Sulphur, originating from coal, leads to emissions known as SOX. In 2006, the World Health 
Organization (WHO) reported an annual average concentration below 20 µg/m3 for SOx  in six of the 
eight major European cities. The other two cities reported an annual average concentration below 40 
µg/m3. Peak concentrations of several thousands of µg/m3 can still be found (WHO, 2006), if: 
• coal is used for domestic heating;  
• emissions from e.g. power stations fall to the ground under specific weather 
conditions.  
Research is limited to effects due to exposure to SO2. Inhalation is found to be the only route for 
exposure (WHO, 2006). Short term studies exposing people to only SO2, showed immediate effects like 
bronchoconstruction on several of the persons involved. Asthmatics were more sensitive to this 
exposure, but for all groups the effects were short lived (WHO, 2006). Exposing exercising asthmatics 
to levels of 1144 µg/m3 showed a permanent decrease in lung function (WHO, 2006).  
Epidemiological studies in areas with high concentrations of SO2 in the air have been performed. 
However the persons involved were always exposed to a mix of pollutants, including particle matter. 
No clear relationship between exposure to SO2 and health effects in the long term could be concluded 
from these studies (WHO, 2006).  
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During 1990 in Hong Kong great reductions in SO2 were achieved by switching to low sulphur fossil 
fuels. While emissions of PM10 and NO2 stayed relatively constant, the average daily concentration of 
SO2 was reduced from 44 µg/m
3  to 21 µg/m3. Only ozone concentrations in air changed significantly, 
as they went further up. 
Research (Hedley, Wong, Thach, Ma, Lam & Anderson, 2002) showed, that up to 1995, mortality rates 
declined sharply for respiratory related deaths and declined for cardiovascular related deaths. This 
study estimated that a reduction of 10 µg/m3 concentration in outdoor air, per year of exposure, would 
lead to an average lifetime gain of 15 days. It is unknown whether this gain in life time was due to a 
reduction of exposure of SO2 or due to the reduction in the formation of secondary particle matter. 
A no effect level for the long term exposure to SO2, could not be found. 
 
Sulphur oxide plays a part in the formation of secondary particle matter and ozone. This is discussed in 
chapter 4.2. 
4.1.3 Nitrogen oxides (NOx) 
According to the Milieu- en Natuurplanbureau (2008) in 2007, the exposure to NOx in six major Dutch 
cities varied between 18.2-30.8 µg/m3. Standard maximum safe exposure as determined by WHO 
(2006) is set at the 8 hour daily average of 40 µg/m3.  There is also a 200 µg/m3 maximum limit for an 
hourly exposure. This limit may only be exceeded 18 times a year. Most NOx, when emitted to air, 
reacts to form NO2. Together with other pollutants like SO2, it can form additional particle matter 
(WHO, 2006). The formation of secondary particle matter is discussed in chapter 4.2.2. NOx emissions 
also play a major role in the formation of ozone on ground level. This issue is discussed in chapter 
4.2.1. 
 
WHO (2006) reviewed epidemiological data available in the literature. This review showed that humans 
are normally exposed to NO2 by inhalation. Laboratory tests show that a dose of 3160 µg/m
3 can 
cause: 
• Changes to the pulmonary metabolism  
• Cell injury  
• Lung oedema  
Dogs, for 5 ½ years, exposed to 1210 µg/m3 NO2 and 310 µg/m
3 NO showed changes in lung tissue 
and formation of lung emphysema. Tests with mice, at levels above 940 µg/m3, showed a reduction of 
the defense mechanism to bacteria and viruses. The results of these trials could not be translated to 
effect levels for human exposure. However the defense mechanism in man and mouse is the same. 
Tests with healthy adults require more than 1880 µg/m3 to induce changes to the pulmonary system. 
Tests with asthmatics and persons with COPD show conflicting evidence. In one case the exposure of 
560 µg/m3 showed a reduction in function of persons with COPD (WHO, 2006).  
Epidemiological surveys show conflicting evidence. Especially when they are corrected for PM 
exposure, as PM seems to be the primary driver to induce health effects (WHO, 2006). The effects of 
solely NO2 at current exposure levels can therefore not be determined according to WHO (2006).  
4.2 Secondary pollutants 
4.2.1 Ozone 
NOx together with sunlight leads to the formation of ozone. CH4, CO or Volatile Organic Compounds 
(VOC) can lead to the formation of additional ozone in the lower atmosphere (CBS, PBL and 
Wageningen UR, 2011 and Holland, Pye, Watkiss, Droste-Franke & Bickel, 2005). The reaction 
mechanisms for photochemical smog are complex, as several substances and intermediate products 
are formed and will react with each other (Andrews, Brimblecombe, Jickells, Liss and Reid, 2004). The 
basic reaction is the formation of a reactive oxygen atom, when nitrogen dioxide absorbs a photon of 
light.  
NO2 + hv →O + NO 
 
This reactive oxygen atom reacts with an oxygen molecule to form ozone (O3). Other pollutants such 
as CH4, can, when reacting with oxygen and nitric oxide, form additional nitrogen dioxide. Under the 
influence of light, this additional NO2 can form additional ozone (CH4 + 2O2 + 2NO → H2O + HCHO + 
2NO2). In this reaction formaldehyde, is formed. Formaldehyde has an irritating effect on the eyes.  
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Ammonia can react with ozone, forming a nitrate aerosol, oxygen and water. (2 NH3 + 4 O3 → NH4NO3 
+ 4 O2 + H2O) 
 This reaction reduces the amount of ozone in the air. VOC in general can increase the concentration of 
ozone, as shown in the example of methane. Sulphur dioxide can reduce the concentration of ozone in 
the lower atmosphere by reacting with ozone to form sulphuric acid. 
According to WHO (2006) exposure to ozone at ambient levels causes inflammation in the lungs, and it 
affects the immune system. Pre-existing pulmonary disease and age can worsen the effects of ozone. 
Ozone can also cause mutations in cells, but there is no evidence that it is linked to the formation of 
cancer (WHO, 2006). An increase in school absence and mortality was found due to exposures above 
the 8 hour daily average level of 75 µg/ m3 (WHO, 2006).  
According to WHO (2006), it seems that ozone consumes the existing antioxidants in the respiratory 
system and that this depletion of antioxidants is the threshold for damage to the respiratory system. 
The availability of antioxidants varies per individual. It is therefore hard to determine a no effect 
concentration (WHO, 2006). A summary of effects mentioned above is given in table 2. 
Some studies suggest changes in the respiratory system are caused by ozone exposure. The 
reversibility of these effects is not yet clear. Epidemiological studies of chronic effects due to exposure 
to ozone are still not conclusive (WHO, 2008).   
In 2009, it was estimated that, approximately 17% of the urban population in de EU were exposed to 
ozone concentrations above 120 µg/ m3 (including the allowed 25 days exceedance of 120 µg/ m3) 
(European Environment Agency, 2011.a.).   
 
For integrated assessment 
modeling a cutoff point of 70 
µg/m3, better known as SOMO35 
(sum of means over 35ppb), is 
recommended by WHO (2008). 
This cutoff point is based on 
available scientific data (WHO, 
2008).  
Only those days, on which the 8 
hour average for ozone is above 
70 µg/m3 , are considered when 
using SOMO 35 for integrated 
assessment. On these days only 
the increment above 70 µg/m3 is 
used as an input for the 
calculations. 
 
 
 
 
 
 
Table 2: Effects from exposure to ozone. (Source: WHO, 2006) 
 
4.2.2 Secondary Particle Matter 
Sulphur oxides and nitrogen oxides can react to form secondary particle matter. NH3, NOx, SOx , VOC 
and primary particle matter all play a role in the formation of secondary particle matter (CBS, PBL and 
Wageningen UR, 2012). Figure 4 gives a general idea of the reactions leading to the formation of 
secondary particle matter. As can be seen in figure 4, inorganic secondary particles consist of the 
reaction products of (SO4), (NO3) and (NH4). In the Netherlands 90% of these inorganic aerosols are 
smaller than 2,5 µm (Milieu- en Natuurplanbureau, 2005).  
Humans are exposed to a mixture of primary and secondary particle matter. The hypothesis stating 
that chemical composition of particle matter is more important than size or weight has been 
investigated.  
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WHO, (2006) and Stanek, Sacks,Dutton & 
Dubois (2011) come to the conclusion that none 
of the ingredients of primary or secondary 
particle matter, or sources of emissions have an 
increased effect on health, when compared to 
the others. Hurley, Hunt, Cowie, Holland, Miller, 
Pye & Watkiss (2005) also come to the 
conclusion that it is currently not possible to 
precisely quantify the contributions from 
different sources and different PM components 
to health effects. According to Stanek, Sacks, 
Dutton & Dubois (2011) this is partly because 
research is limited and the chemical composition 
and reactions between the different compounds 
of particle matter are complex, as can be seen 
in figure 4. Therefore no difference in health 
endpoints between secondary and primary 
particle matter can be established. 
 
Figure 4. Chemical links between emissions, particle matter and ozone. (Source: Narsto, 2006). 
5. Dispersion of pollutants 
 
When released in the air, emissions will spread across a certain area. This spread will depend on 
factors such as wind direction and wind speed. During the time emissions spend in the air, there will be 
reactions between different molocules. The emissions and their reaction products will, before they are 
removed from the air, have a certain impact on the air quality. To determine the air quality, three 
instruments are used in the field. These instruments according to the European Commission (2011) 
are: 
• Air quality measurements 
• Emissions inventories 
• Pollution modeling 
 
In air quality measurements the actual concentrations of substances in the air are measured. This can 
be done continuously or periodically at a certain location. It should always be based on a measuring 
strategy. Air emission inventories give us information about sources and their emissions. Pollution 
modeling will be based on the features of a source, the landscape, the atmospheric conditions etc. It 
will give us an estimate of the effects from a certain emission in a certain area. For management of air 
quality these three instruments are complementary.  
 
For example modeling helps to: 
• Build a decent measuring strategy  
• Manage air quality  
• Estimate effects from scenario’s and policies 
5.1 Modeling dispersion 
According to Rabl and Spadaro (n.d.), one can say that the damage at point x, due to a quantity of 
pollutants, is a function of: 
• The density of population  
• The increment of the concentration of the pollutant at point x  
• The slope of the dose response function  
To calculate the increment of pollution, caused by a source, one needs to know: 
• how pollutants are dispersed in the atmosphere;  
• what chemical reactions take place;  
• how pollutants are removed from the air. 
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There are three ways to remove of the pollutants from the air (Spadaro, 2002): 
• dry deposition (uptake in soil, surface water, vegetation), 
• wet deposition (formation of droplets), 
• transformation (chemical reactions). 
 
 
 
 
 
 
 
 
 
 
Figure 5. Chemical reactions and deposition of NOx . (Source: Spadaro, 2002)  
 
In figure 5 some of the reactions and ways of deposition of the pollutants after the emission of NO are 
given. 
   
To estimate the concentration of a pollutant at a 
certain point the so called Gaussian plume 
model was developed.  The idea behind the 
model is that a source emits a pollutant which is 
spread in three dimensions. The spread in 
direction (x) will be determined by wind 
direction and speed. In direction (y and z) 
mainly atmospheric conditions determine the 
spread (Gotwals, 1997). The general idea 
behind the model is given in figure 6.  
 
 
Figure 6. The Gaussian plume model. (Source: Wikipedia, n.d.a.) 
 
Based on the spread of the plume, a concentration curve can be determined. The Gaussian plume 
model is not specifically build or evaluated for pollutants that react in the air or travel long distances 
(Gotwals, 1997). Therefore its use is limited to primary particle matter and direct impact from S0x on a 
local scale, e.g. approximately 50 km downwind the source. For human health effects, long term 
averages, not only on a local scale, but also on a regional scale (up to 1000 kilometers) are important. 
Also the formation of secondary PM and ozone in the lower atmosphere is an important issue to be 
considered.  
For air dispersion models on a regional scale, more complex models are used to determine the 
concentration on a certain location. Several models such as Calpuff, United EMEP, LOTOS-EUROS, 
CHIMERE have been developed. For example, inside the United EMEP model, models for ozone 
chemistry and formation of secondary aerosols are incorporated (Simpson, Fagerli, Jonson, Tsyro and 
Wind, 2003).  
These models are quite complex and require input data as: 
• weather conditions,  
• stack dimensions,  
• exit temperature of flue gas. 
An evaluation of several of these models was performed by van Loon et al. (2007).  It showed that the 
models were able to follow the daily change in concentrations of ozone, gave a reasonable daily 
average and maximum. For the United EMEP model an under-estimation of maximum concentration 
and an over-prediction of the minimum concentration was noticed in a trial in 2002 and 2003 (WHO, 
2008). 
The question of the reliability  of modeling for ozone towards specific scenarios, remained unanswered 
in this study. 
NO OH NO2 
hv 
O3 
HNO3 Nitrate aerosol 
Aerosol 
NH3 
O3 
Emission Wet deposition Dry Deposition 
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6. Impact and valuation of health effects 
6.1. Concentration- Response functions / Exposure- 
Response functions 
When using a model to determine the impact and afterwards the valuation of these impacts, one 
should consider what effects are to be taken in account. The relation between an effect and a pollutant 
may be less conclusive. In other cases the effect may be well associated with the pollutant, but, when 
compared to other effects, have a relatively small impact. As can be read in the EEA report (European 
Environment Agency, 2011.b.) these issues are constantly debated. Whether or not to take chronic 
effects due to ozone exposure in account is an example of one of the issues open for debate.  
To determine the effects of the pollutants in the environment on human health, the so-called 
concentration- response (C-R) functions or Exposure-Response Functions (ERF) are built. They are 
based on time- and cohort studies. Extensive work has been done by the WHO and in the Clean Air For 
Europe (CAFE) programme.  
 
The quantification of the health effects, where morbidity is concerned, is determined by:  
• The change in health endpoint, per unit change in concentration of pollutant  
• The background morbidity rates in the targeted population  
In the RiskPoll model the term Exposure-Response function (ERF) is used instead of Concentration-
Response function.  
The quantification of the health effects is expressed in the impact function (the number of attributable 
cases, per year, per unit population, per unit exposure) (Hurley et al., 2005). 
Where mortality is concerned, time series studies, will give an insight in changes in death rates when 
pollution levels change. Cohort studies will give an insight in the change in life expectancy across a 
population due to exposure of a certain level of pollution. In time series it can’t be determined how 
many years of life expectancy are lost per case. Therefore the results from time- and cohort studies 
can’t be added in an easy way. In the CAFE programme only the results from cohort studies are 
quantified, as they should capture all effects for PM (Hurley et al., 2005). To prevent double counting 
the results from time studies can be used, but merely as an indicator of premature deaths. 
In the CAFE programme (Hurley et al., 2005) many of the C-R curves are based on studies in urban 
areas with mixture of pollutants. Using the C-R function to determine effects for a single pollutant 
therefore may lead to wrong conclusions. C-R functions are also related to a population at risk and 
should not be used to determine effects on a small group of individuals.  
Epidemiological studies for particle matter do not support a no effects threshold. The CAFE programme 
uses this assumption to determine the C-R function for particle matter (Hurley et al., 2005).  
 
6.2. Valuation of health effects 
Valuation of health effects can be based on: 
• Willingness to pay for preventing certain effects from happening 
• Actual health costs  
For the CAFE model a study for monetary valuation was done for mortality (Desaigues et al., 2007). 
Based on a questionary approach, people were asked about the willingness to pay for a gain in life 
expectancy by the reduction in pollution. The results from this valuation study are used in the CAFE 
model to valuate mortality. Where morbidity is concerned, a sum of resource costs (visiting doctors 
etc.), cost of lost work days and sometimes other social or economic cost as inconvenience due to 
pain, are added to the total cost (Hurley et al., 2005). As the cost of health care and value of time, 
spend in good health, will change in time, regular updating of these cost is required. 
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7. Modeling for air pollution and human health 
7.1. Introduction 
Based on the criteria stated in chapter 2, two of the more “simple to use”, European based models are 
chosen. 
• The RiskPoll model, which is an easy accessible, but computerized model freely available on 
the market, build by Spadaro and Rabl in 2002, but not updated since 2005 
• The model based on methodology for the Cost-Benefit Analysis for the CAFE programme 
(Hurley, Hunt, Cowie, Holland, Miller, Pye and Watkiss, 2005). This model will in this study be 
referred to as the CAFE model 
In chapter 7.2 and 7.3 the models are briefly described. Two calculations with each model are carried 
out. As the initiator, is interested in the ENEL Company, the power plants Brindisi and Fusina are 
chosen as samples for the calculations. These two plants show considerable differences in locations 
and emissions. The Brindisi power plant is located in the south of Italy. The Fusina power plant is 
located in the more densely populated north of Italy. The Fusina power plant shows a smaller amount 
of emissions for 2009; SO2 (284 ton), NOX (380 ton) and it emits no reportable particle matter. In the 
same year the emissions from the Brindisi power plant were higher namely; 6540 ton SO2, 7300 ton 
NOx and 473 ton PM. In chapter 7.4 the results from the calculations will be compared.  
7.2. RiskPoll 
The RiskPoll impact assessment tool was developed by Spadaro. For this paper the version 1.051 
(2004) is used. Unless otherwise stated, the description given below is based on the RiskPoll manual 
and RiskPoll overview (Spadaro, 2004). They both are part of the RiskPoll package. 
 
RiskPoll offers a simplified calculation of damage and health costs. In this paper only the primary 
pollutants NOx, PM10, and SOx and secondary particle matter are taken in account. Other options as 
damage due to heavy metals and damage from ozone to crops are not used.  
 
The general concept behind the RiskPoll model is given in figure 7. It shows that an emission from a 
source will disperse in the air. Exposure of the population to these emissions will have a certain impact 
on the population. Damage to the health of the population can be the result of this impact. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7. The impact pathway approach. (Source: Spadaro, 2002) 
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RiskPoll uses the Uniform World Model to determine the exposure due to a source. This model is used 
as a simplified method to determine the total impact and cost. It uses the following assumptions:  
• Steady state emission rate  
• Stack parameters are not considered 
• Uniform population distribution in a 1000 km radius 
• Uniform dispersion and chemistry. Dispersion is based on depletion velocities that vary over 
the globe due to factors such as rainfall  
• Source based coordinate system 
• Mean unit values for validation of effects 
• Dose response effects are based on epidemiological and toxicological research. For calculating 
effects due to exposure to a low dose, a linear function with no threshold is presumed. As input 
in the model the so called ERF (Exposure Response Function) is used. The ERF’s in the model 
are based on a survey by Rabl and published as part of the RiskPoll manual. As an alternative 
the ERF’s from the Extern-E (European Commission, 2005) can be used. Mortality impacts are 
expressed as a reduction in years of life expectancy, years of life lost (YOLL). When using the 
more recent data from Extern-E 2005 the endpoints and ERF’s as given in table 3 are used for 
particle matter and secondary effects from nitrates and sulfates.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 3. ERF’s used in RiskPoll calculations as determined in the Extern-E project. (Source: European 
Commission, 2005) 
 
There are different models in use in the RiskPoll software: 
• The Queri model uses the Simplified Uniform World Model (SUWM). This is the basic model 
where factors for location, for local / regional population and, optional, for stack height and 
exit velocity can be used. A Best estimate can be obtained if extended meteorological data and 
detailed population density are used as additional input in the model.   
• Robust Uniform World Model (RUWM). In this model, next to the basic options from the SUWM 
additional input of local receptor density, stack parameters and weather conditions near the 
source will improve the results for primary pollutants. 
• The Urban model also uses the SUWM, but fits better if an emission source is located near or in 
a major city. It also uses a uniform wind rose as basic model for the dispersion. To improve the 
results in this model local population density can be added. 
RiskPoll ERF in cases / yr.persons. µg/m3 
 PM 10 Sulfates Nitrates 
Mortality (Pope, 2002) chronic mortality 2,90E-04 4,83E-04 1,45E-04 
Chronic Bronchitis (Abbey, 1995) 3,92E-05 6,24E-05 1,96E-05 
Respiratory hospitalization (Dab, 1996) 2,07E-06 3,46E-06 1,04E-06 
Congestive heart failure, elderly (Schwarz & Morris, 1995) 2,59E-06 4,33E-06 1,30E-06 
Restricted activity days (Ostro, 1987) 1,98E-02 3,32E-02 9,89E-02 
Bronchodilator use, adults asthmatics (Dusseldorp, 1995) 4,56E-03 7,60E-03 2,83E-03 
Bronchodilator use, children asthmatics (Roemer, 1995) 5,43E-04 9,04E-04 2,71E-04 
Lower respiratory systems, asthmatic adults (Dusseldorp, 1995) 1,70E-03 2,83E-03 8,48E-04 
Cough, astma adults (Dusseldorp, 1995) 9,39E-03 1,56E-02 4,69E-03 
Chronic cough children (Dockery, 1989) 4,14E-04 6,91E-04 2,07E-04 
Lower respiratory systems, children asthmatics (Roemer, 1993) 7,20E-04 1,20E-03 3,60E-04 
Cough, children asthmatics (Pope & Dockery, 1992) 1,87E-03 3,10E-03 9,34E-04 
Direct effect SO2   
Mortality Yoll (Anderson & Toulomi, 1996) 5,34E-06   
Respiratory hospitalization (Ponce de Leon, 1996) 2,40E-06   
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The models for toxic metals, damage to crops and buildings are not used in this study. 
Validation of the RiskPoll model has taken place by comparing results from RiskPoll with studies done 
by Ecosense (Spadaro, 2002). The Uniform World Model has been used in other studies by Macias & 
Islas (2010) and has been discussed in the Extern-E Externalities of Energy methodology 2005 update 
(European Commission, 2005). 
 
Uncertainties in this model are found in all main categories: 
• Reported emissions (underreporting / no reporting of emissions) 
• Dispersion (limitations to models used) 
• Population at risk (spread of population over an area) 
• C-R functions (C.I. of C-R functions) 
• Valuation (C.I. of results from studies) 
For Riskpoll, when used to determine effects from power plants, the uncertainties stated as a standard 
deviation (see table 4) were estimated by Rabl and Spadaro (1999). Assuming a log normal 
distribution for every uncertainty and combining uncertainties as follows:  
 
[ln (σg)]
2 = [ln (σg1)]
2+ [ln (σg2)]
2+ ……… +[ln (σgn)]
2 
 
In the RiskPoll model these uncertainties are expressed in the lower and upper cost (see appendix 3 
and 4). The lower and upper costs give the 68% confidence interval for every function. For the Brindisi 
and Fusina the 68% confidence interval is when expressed in cost: 
 
• Brindisi  € 8.814.739 - € 111.475.012 
• Fusina    €   947.250 - €   12.149.128 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 4. Confidence intervals for modeling in RiskPoll. (Source, Rabl, 1999, 2000) 
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In the RiskPoll model the effects 
of pollutants vary with the 
distance to the source. The first 
50 km from the source reaction 
between pollutants to form 
secondary pollutants can be 
ignored. Beyond 50 km the 
pollution is well mixed and 
interactions take place. It is 
presumed that beyond approx. 
1000 km PM, SOx and NOX will 
have deposited or reacted and 
afterwards deposited. Other 
pollutants like ozone, heavy 
metals and hydrocarbons may 
travel over longer distances and 
are therefore qualified as long 
range transboundary air 
pollutants. 
 
 
Table 5. Depletion velocities for emissions in cm/s. (Source: Rabl & Spadaro, n.d.) 
 
Deposition of a pollutant varies from substance to substance. To quantify the exposure of the 
population a deposition rate from a substance is required. In table 5 the deposition velocities used in 
RiskPoll are given. As they are entered manually, other values can be used to perform the calculations. 
 
In RiskPoll version 1.051 a calculation was carried out for the coal fired power plants in Brindisi and in 
Fusina. The inputs and results can be found in appendix 3 and 4. For this calculation the Queri model 
has been selected. The reasons for this choice are that both power plants are located outside a city 
and that required specific data for the RUWM model are not available. 
The valuation in RiskPoll is based on the willingness to pay to prevent a certain loss from happening. 
The valuation in RiskPoll for mortality is based on the value of a life year (VOLY). As the valuation of 
the effects in RiskPoll is given in dollars, a factor 0.76 has been applied to valuate in Euro’s.  
7.3. CAFE model 
Unless otherwise stated, the description of this model, given below, is based on the publication 
Methodology for the Cost-Benefit analysis for the CAFE programme (Hurley, Hunt, Cowie, Holland, 
Miller, Pye, and Watkiss, 2005). 
The model uses the Impact Pathway Approach to determine the effects of emissions on the exposed 
population. It determines the effects of particle matter and ozone in its calculations, so only secondary 
pollutants originating from SOx and NOx are incorporated in the calculations. The model was build for 
the European Commission DG Environment as part of the Cost Benefit Analysis. The main purpose, as 
a policy instrument, is to help reduce effects from air pollution in a cost-effective way. During its 
development all relevant stakeholders, e.g. governments, industry and NGO’s, were involved. This was 
done, to get consensus obout the use of the model.  
 
The model is build to calculate an additional concentration of pollutants in the air due to emissions 
from sources. It includes the number of people who are exposed to this additional concentration of 
pollutants. The exposed population is based the EMEP dispersion model (see 5.1). Based on the 
country where the source is located, an exposed population has been determined. Based on the 
additional concentration of pollutants in the air and the number of people exposed, the impact on 
human health can be calculated.  
 
Officially reported emissions, such as in E-PRTR, can be used to make the calculations with the model. 
For each country in the European Union a conversion factor between emission (per 1000t) and 
population weighted concentration increase has been made. This factor is based on the EMEP 
chemistry and dispersion model. The factor is the product of increase in concentration and the exposed 
 ρ Primary pollutants k [cm/s] 
Secondary pollutants 
k2eff [cm/s] 
 
Source location 
[per 
km2] PM10  SO2 NO2 
NO2 →  
Nitrates 
SO2 →  
Sulfates 
EU (central) 80 0.67 0.73 1.47 0.71 1.73 
Scandinavia 20 0.67 0.73 1.47 0.71 1.73 
Cyprus 54 0.64 0.77 1.27 0.84 1.36 
Czech Rep. 111 0.89 0.87 1.04 1.26 2.15 
Estonia 43 0.93 1.00 1.67 1.29 1.35 
Hungary 101 0.85 0.94 1.53 1.01 1.77 
Latvia 55 0.93 1.00 1.67 1.29 1.35 
Lithuania 62 0.93 1.00 1.67 1.29 1.35 
Poland 100 0.86 0.89 1.05 1.29 1.98 
Poland 89 0.86 0.90 0.96 1.23 2.00 
Slovakia 101 0.85 0.94 1.53 1.01 1.77 
Slovenia 105 0.85 0.94 1.53 1.01 1.77 
Spain 55 0.67 0.73 1.47 0.71 1.73 
China 200 0.74 0.66 0.96 0.97 0.90 
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population. This can be a negative factor, as for example SOx and Ammonia reduce the concentration 
of ozone in the air by reacting with ozone (see chapter 4.2.1.). The factors as published by Holland et 
al. (2005) are used for the calculations (see appendix 10). 
The effects of pollutants are calculated using the concentration response functions (C-R functions). The 
C-R functions are expressed as the percentage change in health end point per unit concentration. 
Exposure to particle matter has chronic death as an endpoint for human health,. VOLY, based on life 
time lost, or the value of statistical life (VSL), based on early deaths, is chosen to make the 
calculations. For ozone only a clear relationship between exposure to ozone and acute death is known. 
Therefore chronic death is not included in this part of the calculation. For valuation of the premature 
deaths due to ozone, a choice for the median or mean VOLY has to be made. The health endpoints and 
C-R functions used in the CAFE model are given in the table 7 and 8 for PM and ozone. The functions 
marked in yellow are so called sensitivity functions. These are the functions that can be quantified with 
less confidence then the core functions (Holland, Hurley, Hunt and Watkiss, 2005).  
A calculation was carried out for the coal-fired power plants in Brindisi and in Fusina. In these 
calculations the emissions to concentration factors from the publication from Holland et al. (2005) 
were used (see appendix 10). Cost per case was used from the publication “Revealing the cost of air 
pollution from industrial facilities in Europe” (European Environment Agency, 2011.b.). The 
combinations presented in table 6 are similar to those in Holland et al. (2005) for SOMO 35, but 
damage to crops, is left out.  
 
The combinations used for the calculations will be: 
 
 Calculation 1 Calculation 2 
Particle matter VSL median valuation VOLY median valuation 
Ozone (based on SOMO 35) VOLY median valuation VOLY median valuation 
Sensitivity functions No No 
Health core Yes Yes 
Damage to crops and buildings No No 
 
Table 6.  Combinations for calculating effects from emissions from the coal-fired powerplants in 
Brindisi and Fusina using the CAFE model.  
 
 
The inputs and results of the calculations made for the Brindisi and Fusina power plant can be found in 
appendix 5 and 6. 
 
Based on tables 7 and 8 the number of cases per unit concentration for each end point can be 
determined by multiplying all factors (Holland et al., 2005). 
 
Number of cases / unit concentration =  
 
“population factor 1”x “population factor 2”x “pollutant factor 1”x “pollutant factor 2” x “incidence rate” 
x “response function”         
 
Population factor 1 (a) corrects for the considered part of population. Population factor 2 (b) 
recalculates the original incidence rates to a rate per person (Holland et al., 2005). In the case of 
particle matter, pollutant factor 1 (c) corrects for PM2,5 and pollutant factor 2 (d) for concentration in 
µg/m3. In the case of ozone, pollutant factor 1 corrects for an 8 hour daily average, pollutant factor 2 
for concentration in µg/m3. 
 
In the calculations, it is assumed that all NOx and SOx contribute to formation of PM2.5. However due to 
the locations of the emissions, the stack height etc., emissions from different sectors show a different 
effect on the concentration in the air (European Environment Agency, 2011.b.). Therefore following the 
so-called Euro Delta II study (Thunis et al., 2010) correction factors for different sectors are 
recommended. These recommendations have been added to the CAFE model. The recommended 
factors can be found in Appendix 8. For power plants the sector 1 (“public power”) correction factor is 
used. To calculate the total additional concentration on the exposed population, the factors (effect of 
emission) from appendix 10 are used. This so called total additional concentration on the exposed 
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population is the product of “the increase in concentration of the polution” and “the number of people 
exposed”.  
 
“Total additional concentration” x “exposed population” of PM2.5 = ∑ (emission (PM2.5 + NOx  +SOx) x  
“power sector factor” x “ effect of emission”  )         
 
By multiplying the amounts of SOx, NOx and PM2,5 with the power sector factor, and afterwards adding 
them the total amount of PM2,5 is determined. For Ozone a similar calculation is carried out, but 
primary particle matter is left out, as this has no effect on ozone formation. 
 
“Total additional concentration” x “exposed population” of ozone  =  ∑ (emission (NOx  +  SOx)  x “power 
sector factor” x “effect of emission” )           
 
 
Table 7. Health functions: Pollutant factors, population factors, incidence rate, response functions and 
valuation data for quantification of health damages linked to ozone exposure for 2010. (Source: 
European Environment Agency, 2011.b.) 
 
 
HUMAN HEALTH EFFECTS CAUSED BY COAL-FIRED POWER PLANTS IN THE EU 
 
Human health effects caused by emissions from coal-fired power plants in the EU  Page 22 of 52 
 
Table 8. Health functions: Pollutant factors, population factors, incidence rate, response functions and 
valuation data for quantification of health damages linked to PM exposure for 2010 (Source: European 
Environment Agency, 2011.b.) 
 
To calculate the total cost, the product of the valuation, number of cases per unit and the total 
additional concentration o the exposed population of ozone is calculated per selected end point and 
afterwards the results of all functions are summed. 
 
Total cost = ∑ (cost selected functions) = ∑ (“total additional concentration on the exposed population” 
x  “cases per unit selected function”  x “valuationselected function”) 
 
The documentation of the Methodology of the Cost-Benefit analysis for CAFE; volume 2: Health Impact 
Assessment was peer reviewed by Krupnick, Ostro & Bull in 2004. 
 
Uncertainties in the CAFE model are addressed in Methodology for the Cost-Benefit Analysis for CAFE:  
Volume 3: Uncertainty in the CAFE CBA: Methods and First Analysis (Holland, Hurley, Hunt and 
Watkiss, 2005). A long list of possible uncertainties is discussed in this study. Below the main results 
are given: 
• Calculated concentration of pollution, not to be taken in account,  as the models used 
are regular updated with information from monitoring programs 
• Population at risk, not to be taken in account, as the density of population in Europe is 
well known 
• Exposure response functions, for all C-R functions in the model a 95 % confidence 
interval is given in Hurley et al. (2005). Valuation, varies per function and the standard 
deviation varies from 1,7 to 2,9. In Hurley et al. (2005) 95% confidence intervals for 
different mortality assessments are carried out showing a standard deviation of 1,3 for 
VSL valuation and 1,38 for median VOLY valuation,  for PM functions  
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• Transfer of data from one to another country is of minor interest if the model is used to 
investigate European policies.  
• The effect of different particles and other gaps in knowledge are addressed, but cannot 
be quantified 
• Cut off point for ozone (SOMO 35). Is considered not to be of much influence as main 
health cost is due to particles  
• Meteorological data in CAFE are combined from 4 years, thereby decreasing the year to 
year variability. In the CAFE model the years 1997, 1999, 2000 and 2003 are used to 
determine mean values. Variations around the mean are given for each country in 
Hurley (2005)  
7.4. Comparing calculations from the models 
A large variation in estimated cost is found when comparing calculations using VSL valuation and VOLY 
valuation in the CAFE model (see appendix 3-7 and table 10).  
 
When looking at the models, the following differences can be noted: 
• Ozone is not addressed in RiskPoll as a pollutant towards human health. On the other hand 
RiskPoll takes direct effects of sulfates in account, which are left out of the CAFE model. These 
choices were made when designing the models based on knowledge of concentration response 
relations and effects on the calculations when put in the model. As can be seen in Appendix 7, 
the cost of ozone (0.17 -0.60 % of the total cost in CAFE model) and the cost of direct impact 
related to sulfates (0.78 % of total cost in RiskPoll model) are both a relatively small part of 
the total cost. 
• In Appendix 7 the effects from RiskPoll and CAFE model are compared.  It shows that the CAFE 
model, in general, gives higher incidences of health effects than the RiskPoll model. Reasons 
for this were not part of this study. 
• RiskPoll calculates with PM10 emissions. CAFE uses PM2.5  but a constant factor is used to 
calculate from  PM10 to PM2,5 
• Another difference in approach in two models is the way they determine the exposed 
population. In RiskPoll, this is calculated on the basis of location and the surrounding area. In 
the CAFE model the exposed population is based on an average per country. The actual input 
of population density in the CAFE model is integrated in the correction factor for weighted 
population and can therefore not be altered. In RiskPoll this results in a higher cost per ton 
emission for the Fusina power plant. When using the population density from Fusina as an 
input for the Brindisi plant in the RiskPoll calculations, the difference in overall cost becomes 
smaller, as can be seen in table 9.  
• CAFE addresses additional functions, like infant mortality 
• In some cases concentration response functions address the same problem, but in a different 
way. In CAFE the C-R function cardiac hospital admissions is used, in RiskPoll congestive heart 
failure is used. 
• VSL valuation for mortality is only found in the CAFE model. RiskPoll uses only VOLY valuation.  
• Valuation is based on the outcome of different research and therefore shows differences. For 
example Chronic bronchitis is valued in CAFE for € 208.000 and in RiskPoll for € 128.668 
• RiskPoll calculates the damage cost with an upper and lower limit to account for uncertainties. 
CAFE calculates a high (VSL-VOLY median) and low (VOLY median- VOLY median) value 
• When comparing at the C-R functions at a group level, as is done in Appendix 7, it shows that 
mortality, due to exposure of particle matter, results in a much higher cost in the CAFE model 
then in the RiskPoll model. The calculations using the VSL shows an additional cost of 
€168.660.317 for the Brindisi power plant. When omitting the cost of mortality in all 
calculations the difference becomes much smaller as can be seen in table 9. A combination of 
the correction made for population density and mortality is shown at the bottom of table 9. It 
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shows that the difference between the outcomes from both models is, for the larger part, 
determined by these two factors. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 9. Total cost in Euro’s to human health calculated by RiskPoll and CAFE model with corrections 
for mortality cost and population density (printed fat/italic).  
 
Both models show a certain degree of flexibility when performing calculations. In both models cost per 
case can easily be altered or left out. When cost per case is left out, a number of cases for each C-R 
function are presented. The C-R functions can, in both models be left out, or altered. In RiskPoll 
dispersion factors and exposed population can be changed separately. In the CAFE model these two 
factors are part of the population weighted concentration factor. However different factors can be 
used, if for example a specific run with the EMEP dispersion model was carried out for that particular 
source. 
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Figure 8. 68% confidence interval based on suggested standard deviation by Spadaro and Rabl (2008) 
for CAFE and RiskPoll calculated health damages. 
 
Uncertainty is addressed in RiskPoll in an open way. By giving upper and lower estimates for costs in a 
68% confidence interval the limitations become clear. The CAFE model states a lot of uncertainties, but 
is not so clear on the sum of all these uncertainties.  Hurley et al. (2005) states that giving upper and 
lower values do not give adequate direction to policy makers. Especially when using the tool to 
compare cost and benefits; therefore Hurley et al.  (2005) suggests to clearly state all relevant 
uncertainties related to a specific study.  
 
Spadaro and Rabl (2008) have suggested a simpler and more transparent method to determine a 
confidence interval. It is based on the log normal distribution of the main parameters. It is up to the 
policymaker which of both approaches serves him best. In figure 8 the 68% confidence interval is 
shown in green for all calculated values, using the suggested standard deviation of 3 (Spadaro and 
Rabl, 2008) and calculating the:  
• low estimate = best estimate / 3 and  
• high estimate = 3 best estimate  
 
The RiskPoll and CAFE PM/Ozone VOLY median show a large overlap, but when the VSL valuation is 
used a smaller or no overlap is shown. 
8. Discussion, conclusion and advise 
8.1. Discussion 
 
When comparing RiskPoll and the CAFE model it was noted that both models take the major emissions 
from coal–fired power plants in account. The C-R functions of these emissions are based on solid 
scientific evidence, but as this knowledge is progressing, different C-R functions are used in the 
different models. However C-R functions from different models are hard to compare, as in RiskPoll they 
are set per pollutant per function. In the CAFE model the quantity of pollutants is first recalculated to 
particle matter or ozone before using the C-R function to determine the effects. In Appendix 7 one can 
compare the calculated effects from the RiskPoll and the CAFE model.  
 
In both models health endpoints related to exposure to emissions are used. In chapter 4 health end 
points found in literature were presented. When comparing these to both the models we see that: 
• Exposure to ozone can be related to acute mortality and inflammation in lungs and to school 
absence due to acute exposure, but it cannot be related to effects caused by chronic exposure. 
Only the CAFE model takes the effects of ozone in account. The C-R functions used are related 
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to the health end points as found in the literature. However the calculations made for the 
power plants show only a small portion of the cost being due to ozone. 
• Exposure to particle matter can be related to cardiopulmonary and cancer mortality due to 
chronic exposure and to the morbidity endpoints chronic bronchitis, cough and consultations of 
physicians. In RiskPoll and CAFE these endpoints are used in the C-R functions to calculate the 
effects of the emissions.  
• Exposure to sulphur oxides can be related to bronchoconstruction and decrease in lung 
function, but only when exposed to higher levels than found in the major cities in Europe. Only 
RiskPoll takes the direct effects of sulphur oxide (mortality and hospitalization) in account. 
However the calculations made for the power plants show only a small portion of the effect 
being due to SO2. 
• Exposure to nitrogen oxides shows conflicting evidence when trying to link exposure to health 
effects. Neither the RiskPoll nor the CAFE model both take these direct effects of the exposure 
to NOx in account. 
 
Both the models work with a dispersion model. RiskPoll calculates on the bases of population density 
around the source. CAFE model gives a standard population density per country. This is based on a 
general calculation with the RAINS model. For small countries like the Netherlands this will have hardly 
any effect on the outcome, but when comparing emission sources in the north and the south of a 
country like Italy, the difference in exposed population is not accounted for.  
  
Valuation between the models differs, as only the CAFE model is based on the extensive and most 
recent study of the willingness to pay to improve human health in the European Union.  It is however 
possible to adjust the valuation in RiskPoll and CAFE to the latest insights in the willingness to pay. In 
appendix 7 the valuation for RiskPoll and CAFE model are compared. Use of VSL instead of VOLY for 
mortality gives an increase in estimated cost with approximately a factor 3. As VSL valuation is also 
used in the most recent publication from the European Environment Agency (2011.b.), this kind of 
valuation should be regarded as the standard for the European Union, but is still a point of discussion 
between scientists, as is the whole concept of “willingness to pay”. 
 
RiskPoll version 1.051 was developed in 2004 and was not updated after 2005. The CAFE model was 
developed in 2005, partly updated in 2011, and will be updated in 2012-2013 by the Directorate 
General for the Environment within the EU. Continuous improvement of a model is important, as new 
insights in valuation, dispersion, chemical reactions and dose-response functions needs to be 
incorporated in the model. In this way the model is, not only as valid as possible, but also acceptable 
for all stakeholders. This is a clear advantage for the CAFE model, as scientific evidence from the last 
few years will be incorporated in the model.  
 
Results from RiskPoll were compared with results from ECOSENSE studies, showing an acceptable level 
of accuracy in 2003. The basic assumptions from the CAFE model were peer reviewed by Krupnick, 
Ostro & Bull in 2004, giving both the models the required credibility for use.  
 
The calculation sheet drawn up by Myllyvirta is a convenient tool, but needs updating to the 2011 
estimates where cost per case is concerned and it needs a reviewed to gain credibility.  
 
Models are used as an approximation of the reality. This should not withhold stakeholders from using 
the models as long as these give a reasonably accurate assumption, which is accepted by all 
stakeholders. Large differences in outcomes, as are presented, when comparing RiskPoll and CAFE 
model can cause problems when comparing results from different studies, or setting policies based on 
the outcomes of the calculations.  The task, for those making models available, is to be open and clear 
about limitations, confidence intervals and basic assumptions inside the model, and to present this 
information in a document which is understandable and accessible for all the stakeholders. The user 
manual, unfortunately incomplete, within the RiskPoll model is a sample of an easily accessible and 
clear manual, in which limitations and choices are addressed. The CAFE model misses such a manual. 
Information has to be selected from several documents and put together as was done in the 
calculation sheet made by Myllyvirta (2012). 
 
The use of these models is not limited to the study electricity generation, but can be used for other 
policies and activities as well.  As the models used in this study, are easily accessible, they make it 
 
HUMAN HEALTH EFFECTS CAUSED BY COAL-FIRED POWER PLANTS IN THE EU 
 
Human health effects caused by emissions from coal-fired power plants in the EU  Page 27 of 52 
possible for policymakers and other stakeholders to start discussions of underpinned with calculations 
of the effects of policies and or activities. This will increase the chances of mutual agreements on new 
policies or changes in the activities. To reach this point, it is important that a model like the CAFE 
model is widely accepted, easy accessible and frequently updated. 
 
8.2. Conclusion and advise 
The intention of this study was to find a relationship between emissions from coal-fired power plants in 
the European Union and the effects on human health caused by the emissions. Emissions from coal-
fired power plants, if above the threshold, can be found in de database from E-PRTR. This is, a maybe 
not perfect, but a good starting point to determine emissions from coal-fired power plants. This study 
restricted itself to the emissions of NOx, SOx and PM, but other emissions such as heavy metals and 
VOC are also important aspects when considering human health. Additional research in this field is 
suggested. Effects of ozone and particle matter are well documented in the literature. The health end 
points and the concentration response curves are also available. The spreading and depositioning of 
the pollutants is a complex problem. Many models are available but they require high quality input. 
Only a few models were found to require limited input of data. The two selected models, RiskPoll and 
CAFE model, meet basic criteria to perform calculations in a relatively easy way. Uncertainties are 
defined by both models, but more specific in the case of RiskPoll. It’s up to the users of the results of 
the estimates, whether they prefer a number or a list to state uncertainties. When used to set policies, 
a range specifying the 68 % confidence interval as presented in figure 8 may be more practical than a 
list of uncertainties. 
The RiskPoll model has not been updated since 2005 and its manual is incomplete. The CAFE model is 
more a set of calculation rules divided over several publications, but it is kept up to date. Both models 
use the health end points found in the literature, except that ozone exposure is not accounted for in 
the RiskPoll model. 
 
The CAFE model is: 
• Kept up to date  
• Supported by the DG Environment of the European Union 
• Relatively easy to use 
• Uses widely accepted concentration-response curves 
• Uses validation based on willingness to pay in the EU 
• Addresses the major pollutants particle matter and ozone 
• Uses VSL as valuation method for mortality, and therefore gives an estimate more in 
accordance with current views on valuation 
Therefore it is recommended to use this model to calculate health impact from coal-fired power plants 
in the EU.  
 
To give this CAFE model more credibility, it is recommended that a manual be written, kept up to date, 
and made free available. The manual should at least contain:  
• The method 
• The source of emission data 
• The quantified and omitted impacts  
• The concentration response functions 
• The valuation of effects 
• Uncertainties for the intended use 
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10. Appendix 
Appendix 1: Emissions from power plants percentage of 
PM10, PM2,5 and PM1 
 
 
Table 10. Particle matter as part of emissions from power plants in Germany. (Source: Ehrlich, 2007) 
Appendix 2: NOx Emissions NL in 2007  
 
 
 
 
 
Table 11. NOx emissions in major cities in the Netherlands in 2007. (Source: Milieu- en 
Natuurplanbureau, 2008)  
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Appendix 3: Data input model RiskPoll case Brindisi  
• ENEL Brindisi Sud (Federico II) Coal Power Plant Italy 
• Data emissions from E-PRTR year 2009 
o NOx 7300 ton; SOx 6540 ton; PM 10 473 ton. 
• The model Queri is used for the calculations. 
• Longitude  18º  
• Latitude 41º 
• Site ID 4 (between 15-25 km from a major city (Brindisi) 
• Regional population radius approx 1000 km is based on population and area of countries in the 
radius. The radius is marked in figure 9. 
 
 
 
Figure 9. Radius of approx 1000 km to determine density of population. (Source: Google Maps, n.d.) 
 
In table 12 the density of the population is calculated on the basis of inhabitants and areas of countries 
(partly) in the radius.  
 
Regional population per km2 will be 112 persons / km2 . As approximately half of the area in the radius 
of 1000 km is water, a density of 56 will be used. 
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Country Population Area in km2 
Greece  10737428 131957 
Albania 3639453 28748 
Bulgaria 7204687 110912 
Romania 22215421 238391 
Hungary 9905596 93032 
Serbia 7379339 77474 
Bosnia & Herzegovina 4613414 51197 
Croatia 4489409 56538 
Slovakia 5463046 49033 
Italy 58126212 301318 
Fyrom 2066718 25713 
Austria 9932400 163610 
Tunisia 8210281 83858 
Cyprus 796740  9251  
Corsica 304500 8680 
Turkije (part) 26972000 major cities + 25% 195891 ( 25% of total area) 
Total 182.056.644 1.625.603 
 
Table 12. Calculation of population (2009) and area in the exposed radius according figure 9. (Source: 
Wikipedia, n.d.)  
 
• Population density local 110 persons / km2 based on population province Brindisi / 2 due to 
location next to the water.  Radius local area set as standard 56 km.  
• Metrological data will be used as given standard in the model. 
• Stack height of the power plant is not known; therefore the standard of 100 m is used. 
• Deposition factors are taken from table 4. 
 
Results of the calculation show a total cost due to health impact of € 31.362.139 /year, based on 
emissions from 2009.  Figure 10 shows the cost per pollutant for the same period. 
 
 
 
Figure 10. Damage cost to health in US dollars due to emissions from Brindisi power plant as 
calculated by RiskPoll 1.051. 
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Table 13. Calculations in RiskPoll for Brindisi power plant. 
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Appendix 4: Calculations with RiskPoll for Fusina 
location Veneza 
 
• ENEL Fusina Porto Marghera 
• Data emissions from E-PRTR year 2009 
o NOx 380 ton; depletion factor 1 for primary and secondary 
o SOx 284 ton; depletion factor 1 for primary and 2 for secondary 
o PM none reported. 
• The model Queri is used for the calculations. 
• Longitude  12º  
• Latitude 45º 
• Site ID 2 (close to a major city, Veneza) 
• Regional population radius approx 1000 km is based on population and area of countries in the 
radius 
• In table 14 the density of the population is calculated on the basis of inhabitants and areas of 
countries (partly) in the radius as given in figure 11 
Country Population Area in km2 
Germany 82329758 357022 
Albania 3639453 28748 
Bulgaria 7204687 110912 
Romania 22215421 238391 
Hungary 9905596 93032 
Serbia 7379339 77474 
Bosnia & Herzegovina 4613414 51197 
Croatia 4489409 56538 
Slovakia 5463046 49033 
Italy 58126212 301318 
Fyrom 2066718 25713 
Austria 9932400 163610 
Netherlands 16669112 41528 
Belgium 11007020 30528 
Luxembourg 491775 2586 
France 62150775 551500 
Greece  10737428 131957 
Tunisia 8210281 83858 
Poland 38482919 312685 
Total 365114763 2707630 
Table 14. Calculation of population (2009) and area in the exposed radius according figure 10. (Source: 
Wikipedia, n.d.)  
 
Regional population per km2 will be 134,8 persons / km2.  As approximately 30 % of the area in the 
radius of 1000 km is water a density of 94 will be used. Figure 10 shows the radius of approx 1000 
km. 
 
• Population density local 195 persons / km2 based on population province Venice x ¾ due to 
location next to the water.  Radius local area set as standard 56 km.  
• Metrological data will be used as given standard in the model. 
• Stack height of the power plant is not known; therefore the standard of 100 m is used. 
• Deposition factors are taken from table 4. 
Results of the calculation show a total cost due to health impact of € 3.459.300 per year based on 
emissions from 2009. Figure 12 shows de cost per pollutant for the same period. 
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Figure 11. Radius of approx 1000 km to determine density of population. (Source: Bing Maps, n.d.) 
 
 
 
Figure 12. Damage cost to health in Euro due to emissions from Fusina power plant as calculated by 
RiskPoll 1.051. 
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Table 15. Calculations in RiskPoll for Fusina power plant. 
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Appendix 5: Calculations of Human Health cost using the 
CAFE model for Brindisi 
 
Emissions used in this calculation were taken from the E-PRTR database of 2009.  
Functions displayed in yellow not used for these calculations. 
 
Ozone (median VOLY valuation no sensitivity) 
PM NOx SOx 
Emission (ton) 473 7300 6540   
Power sector x 0 0,78 0,87   
Correction for  PM 2.5 x         
Ozone (ton)   5694 5689,8   
Effect of emission on 
population factor x   28877,434 -5533,346 Total 
Additional concentration  
of exposed population    164428109,2 -31483632,07 132944477,1 
CR function 
Valuation 
per case 
Cases per 
concentration 
Additional 
concentration  of 
exposed 
population 
Cost 
Acute mortality (life 
years lost, VOLY median 
valuation)   
€ 54.000 1,80E-08 132944477,1 
€ 129.114  
Acute mortality (life 
years lost, VOLY mean 
valuation)   
€ 128.000 1,80E-08 132944477,1 
€ 0  
Respiratory hospital 
admissions, ages over 
65   
€ 2.364 1,02E-08 132944477,1 
€ 3.200  
Minor restricted activity 
days, ages 18-64   
€ 42 4,06E-05 132944477,1 
€ 226.892  
Respiratory medication 
use by adults   
€ 1 1,48E-05 132944477,1 
€ 1.962  
Minor restricted activity 
days, ages over 65   
€ 38 1,00E-05 132944477,1 
€ 0  
Respiratory symptoms 
among adults   
€ 38 0,00018865 132944477,1 
€ 0  
      
Total cost 
€ 361.168  
 
PM exposure (VSL valuation, no sensitivity) 
Emission (ton) 473 (PM 10) 7300 6540   
Power sector x 0,5 0,78 0,87   
Correction for PM 2.5 x 0,649350649 1 1   
Ozone (ton) 153,5714286 5694 5689,8   
Effect of emission  on 
population factor x 
706,453 113,157 128,422 Total 
Additional concentration  
of exposed population  
108490,9964 644315,958 730695,4956 1483502,45 
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CR function 
Valuation per 
case 
Cases per 
concentration 
Additional 
concentration  
of exposed 
population 
Cost 
Chronic mortality (deaths, 
VSL valuation)   € 2.080.000  6,07E-05 1483502,45 € 187.192.469  
Chronic mortality (life 
years lost, VOLY 
valuation)   € 54.000  0,000651 1483502,45 € 0  
Infant mortality (1 – 11 
months)  € 1.530.000  1,05E-07 1483502,45 € 239.087  
Chronic bronchitis, 
population aged over 27 
years   € 208.000  2,85E-05 1483502,45 € 8.801.577  
Respiratory hospital 
admissions, all ages   € 2.364  1,08E-05 1483502,45 € 37.988  
Cardiac hospital 
admissions, all ages   € 2.364  6,68E-06 1483502,45 € 23.429  
Restricted activity days 
(RADs) working age 
population   € 97  0,060648 1483502,45 € 8.727.231  
Respiratory medication 
use by adults   € 1  0,005140923 1483502,45 € 7.627  
Respiratory medication 
use by children   € 1  0,000620928 1483502,45 € 921  
Lower respiratory system 
(LRS), including cough, 
among adults with chronic 
symptoms  € 42  0,04906902 1483502,45 € 3.057.348  
LRS (including cough) 
among children € 42  0,0319088 1483502,45 € 1.988.145  
Consultations for asthma, 
ages 0-14   € 53  3,08E-05 1483502,45 € 0  
Consultations for asthma, 
ages 15-64   € 53  5,29E-05 1483502,45 € 0  
Consultations for asthma, 
ages over 65   € 53  2,31E-05 1483502,45 € 0  
Consultations for upper 
respiratory symptoms 
(excluding allergic 
rhinitis) ages 0-14  € 53  1,05E-04 1483502,45 € 0  
Consultations for upper 
respiratory symptoms 
(excluding allergic 
rhinitis) ages 15-64  € 53  3,35E-04 1483502,45 € 0  
Consultations for upper 
respiratory symptoms 
(excluding allergic 
rhinitis) ages over 65  € 53  1,13E-04 1483502,45 € 0  
Extra for RADs, total 
population € 69  2,96E-02 1483502,45 € 0  
      Total € 210.075.823  
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PM VSL and ozone VOLY median valuation 
 
Total cost 
PM Ozone PM and Ozone 
€ 210.075.823  € 361.168  € 210.436.991  
% of total 99,83% 0,17%   
 
 
Ozone (median VOLY valuation; no sensitivity) 
PM NOx SOx 
Emission (ton) 473 7300 6540   
Power sector x 0 0,78 0,87   
Correction for  PM 2.5 x         
Ozone (ton)   5694 5689,8   
Effect of emission  on 
population factor x   28877,434 -5533,346 Total 
Additional concentration  
of exposed population    164428109,2 -31483632,07 132944477,1 
CR function 
Valuation per 
case 
Cases per 
concentration 
Additional 
concentration  
of exposed 
population 
Cost 
Acute mortality (life years lost, VOLY median 
valuation)   € 54.000  1,80E-08 132944477,1 € 129.114  
Acute mortality (life years lost, VOLY mean 
valuation)   € 125.000  1,80E-08 132944477,1 € 0  
Respiratory hospital admissions, ages over 65   € 2.364  1,02E-08 132944477,1 € 3.200  
Minor restricted activity days, ages 18-64   € 42  4,06E-05 132944477,1 € 226.892  
Respiratory medication use by adults   € 1  1,48E-05 132944477,1 € 1.962  
Minor restricted activity days, ages over 65   € 38  1,00E-05 132944477,1 € 0  
Respiratory symptoms among adults   € 38  0,00018865 132944477,1 € 0  
      Total cost € 361.168  
 
PM exposure (VOLY median valuation, no sensitivity) 
Emission (ton) 473 (PM 10) 7300 6540   
Power sector x 0,5 0,78 0,87   
Correction for PM 2.5 x 0,649350649 1 1   
Ozone (ton) 153,5714286 5694 5689,8   
Effect of emission  on population factor x 706,453 113,157 128,422 Total 
Additional concentration  of exposed 
population  108490,9964 644315,958 730695,4956 1483502,45 
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CR function 
Valuation per 
case 
Cases per 
concentration 
Additional 
concentration  
of exposed 
population 
Cost 
Chronic mortality (deaths, VSL valuation)   € 2.080.000  6,07E-05 1483502,45 € 0  
Chronic mortality (life years lost, VOLY 
valuation)   € 54.000  0,000651 1483502,45 € 52.151.045  
Infant mortality (1 – 11 months)  € 1.530.000  1,05E-07 1483502,45 € 239.087  
Chronic bronchitis, population aged over 
27 years   € 208.000  2,85E-05 1483502,45 € 8.801.577  
Respiratory hospital admissions, all ages   € 2.364  1,08E-05 1483502,45 € 37.988  
Cardiac hospital admissions, all ages   € 2.364  6,68E-06 1483502,45 € 23.429  
Restricted activity days (RADs) working 
age population   € 97  0,060648 1483502,45 € 8.727.231  
Respiratory medication use by adults   € 1  0,00514092 1483502,45 € 7.627  
Respiratory medication use by children   € 1  0,00062093 1483502,45 € 921  
Lower respiratory system (LRS), including 
cough, among adults with chronic 
symptoms  € 42  0,04906902 1483502,45 € 3.057.348  
LRS (including cough) among children € 42  0,0319088 1483502,45 € 1.988.145  
Consultations for asthma, ages 0-14   € 53  3,08E-05 1483502,45 € 0  
Consultations for asthma, ages 15-64   € 53  5,29E-05 1483502,45 € 0  
Consultations for asthma, ages over 65   € 53  2,31E-05 1483502,45 € 0  
Consultations for upper respiratory 
symptoms (excluding allergic rhinitis) 
ages 0-14  € 53  1,05E-04 1483502,45 € 0  
Consultations for upper respiratory 
symptoms (excluding allergic rhinitis) 
ages 15-64  € 53  3,35E-04 1483502,45 € 0  
Consultations for upper respiratory 
symptoms (excluding allergic rhinitis) 
ages over 65  € 53  1,13E-04 1483502,45 € 0  
Extra for RADs, total population € 69  2,96E-02 1483502,45 € 0  
      total € 75.034.399  
 
 
Total cost PM VOLY median valuation and Ozone median valuation 
 
Total cost 
PM Ozone PM and Ozone 
€ 75.034.399  € 361.168  € 75.395.567  
% of total 99,52% 0,48%   
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Appendix 6: Calculations of Human Health cost using the 
CAFE model for Fusina location Veneza 
 
Emissions used in this calculation were taken from the E-PRTR database 2009. 
 
Ozone (VOLY mean valuation, no sensitivity) 
  PM 10 NOx SOx   
Emission (ton) 0 380 254   
Power sector factor 0 0,78 0,87   
Correction for PM 2.5 x         
Ozone (ton)   296,4 220,98   
Effect of emission  on 
population factor    28877,434 -5533,346 Total 
Additional concentration  of 
exposed population    8559271,438 -1222758,799 7336512,639 
CR function 
Valuation per 
case 
Cases per 
concentration 
Additional 
concentration  of 
exposed population 
Cost 
Acute mortality (life years 
lost, VOLY median 
valuation)   
€ 54.000  1,80E-08 7336512,639 € 7.125  
Acute mortality (life years 
lost, VOLY mean valuation)  
€ 128.000  1,80E-08 7336512,639 € 0  
Respiratory hospital 
admissions, ages over 65   
€ 2.364  1,02E-08 7336512,639 € 177  
Minor restricted activity 
days, ages 18-64   
€ 42  4,06E-05 7336512,639 € 12.521  
Respiratory medication use 
by adults   
€ 1  1,48E-05 7336512,639 € 108  
Minor restricted activity 
days, ages over 65   
€ 38  1,00E-05 7336512,639 € 0  
Respiratory symptoms 
among adults   
€ 38  0,00018865 7336512,639 € 0  
      Total cost € 19.931  
 
PM exposure (VSL valuation, no sensivity) 
  PM 10 NOx SOx   
Emissions (ton) 0 380 284   
Power sector factor 0,5 0,78 0,87   
Correction for PM 2.5 x 0,649350649 1 1   
Emission (ton) 0 296,4 247,08   
Effect of emission  on population 
factor  706,453 113,157 128,422 Total 
Additional concentration  of 
exposed population  0 33539,7348 31730,50776 65270,24256 
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CR function 
Valuation per 
case 
Cases per 
concentration 
Additional 
concentration  
of exposed 
population 
Cost 
Chronic mortality (deaths, VSL valuation)   € 2.080.000  6,07E-05 65270,24256 € 8.235.981  
Chronic mortality (life years lost, VOLY 
valuation)   
€ 54.000  0,000651 65270,24256 € 0  
Infant mortality (1 – 11 months)  € 1.530.000  1,05E-07 65270,24256 € 10.519  
Chronic bronchitis, population aged over 27 
years   
€ 208.000  2,85E-05 65270,24256 € 387.246  
Respiratory hospital admissions, all ages   € 2.364  1,08E-05 65270,24256 € 1.671  
Cardiac hospital admissions, all ages   € 2.364  6,68E-06 65270,24256 € 1.031  
Restricted activity days (RADs) working age 
population   
€ 97  0,060648 65270,24256 € 383.975  
Respiratory medication use by adults   € 1  0,005140923 65270,24256 € 336  
Respiratory medication use by children   € 1  0,000620928 65270,24256 € 41  
Lower respiratory system (LRS), including 
cough, among adults with chronic symptoms  
€ 42  0,04906902 65270,24256 € 134.515  
LRS (including cough) among children € 42  0,0319088 65270,24256 € 87.473  
Consultations for asthma, ages 0-14   € 53  3,08E-05 65270,24256 € 0  
Consultations for asthma, ages 15-64   € 53  5,29E-05 65270,24256 € 0  
Consultations for asthma, ages over 65   € 53  2,31E-05 65270,24256 € 0  
Consultations for upper respiratory 
symptoms (excluding allergic rhinitis) ages 
0-14  
€ 53  1,05E-04 65270,24256 € 0  
Consultations for upper respiratory 
symptoms (excluding allergic rhinitis) ages 
15-64  
€ 53  3,35E-04 65270,24256 € 0  
Consultations for upper respiratory 
symptoms (excluding allergic rhinitis) ages 
over 65  
€ 53  1,13E-04 65270,24256 € 0  
Extra for RADs, total population € 69  2,96E-02 65270,24256 € 0  
      Total € 9.242.789  
 
PM VSL /  Ozone median VOLY valuation 
 
Total cost 
PM Ozone PM and Ozone 
€ 9.242.789  € 19.931  € 9.262.720  
% of total 99,78% 0,22%   
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Ozone (median VOLY valuation, no sensivity) 
 
PM 10 NOx SOx 
 
Emission (ton) 0 380 254 
 
Power sector factor 0 0,78 0,87 
 
Correction for PM 2.5 x 
    
Ozone (ton) 
 
296,4 220,98 
 
Effect of emission  on population 
factor  
28877,434 -5533,346 Total 
Additional concentration  of 
exposed population  
8559271,438 -1222758,799 7336512,639 
CR function 
Valuation per 
case 
Cases per 
concentration 
Additional 
concentration  of 
exposed population 
Cost 
Acute mortality (life years lost, 
VOLY median valuation)   
€ 54.000  1,80E-08 7336512,639 € 7.125  
Acute mortality (life years lost, 
VOLY mean valuation)   
€ 125.000  1,80E-08 7336512,639 € 0  
Respiratory hospital admissions, 
ages over 65   
€ 2.364  1,02E-08 7336512,639 € 177  
Minor restricted activity days, 
ages 18-64   
€ 42  4,06E-05 7336512,639 € 12.521  
Respiratory medication use by 
adults   
€ 1  1,48E-05 7336512,639 € 108  
Minor restricted activity days, 
ages over 65   
€ 38  1,00E-05 7336512,639 € 0  
Respiratory symptoms among 
adults   
€ 38  0,00018865 7336512,639 € 0  
      Total cost € 19.931  
 
PM VOLY (median valuation, no sensitivity) 
  PM 10 NOx SOx   
Emission (ton) 0 380 284   
Power sector factor 0,5 0,78 0,87   
Correction for  PM 2.5    0,649350649 1 1   
 Emission( ton) 0 296,4 247,08   
Effect of emission  on population 
factor  706,453 113,157 128,422 Total 
Additional concentration  of 
exposed population  0 33539,7348 31730,50776 65270,24256 
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CR function 
Valuation per 
case 
Cases per 
concentration 
Additional 
concentration  of 
exposed population 
Cost 
Chronic mortality (deaths, VSL 
valuation)   € 2.080.000  6,07E-05 65270,24256 € 0  
Chronic mortality (life years lost, 
VOLY valuation)   € 54.000  0,000651 65270,24256 € 2.294.510  
Infant mortality (1 – 11 months)  € 1.530.000  1,05E-07 65270,24256 € 10.519  
Chronic bronchitis, population 
aged over 27 years   € 208.000  2,85E-05 65270,24256 € 387.246  
Respiratory hospital admissions, 
all ages   € 2.364  1,08E-05 65270,24256 € 1.671  
Cardiac hospital admissions, all 
ages   € 2.364  6,68E-06 65270,24256 € 1.031  
Restricted activity days (RADs) 
working age population   € 97  0,060648 65270,24256 € 383.975  
Respiratory medication use by 
adults   € 1  0,005140923 65270,24256 € 336  
Respiratory medication use by 
children   € 1  0,000620928 65270,24256 € 41  
Lower respiratory system (LRS), 
including cough, among adults 
with chronic symptoms  € 42  0,04906902 65270,24256 € 134.515  
LRS (including cough) among 
children € 42  0,0319088 65270,24256 € 87.473  
Consultations for asthma, ages 0-
14   € 53  3,08E-05 65270,24256 € 0  
Consultations for asthma, ages 
15-64   € 53  5,29E-05 65270,24256 € 0  
Consultations for asthma, ages 
over 65   € 53  2,31E-05 65270,24256 € 0  
Consultations for upper 
respiratory symptoms (excluding 
allergic rhinitis) ages 0-14  € 53  1,05E-04 65270,24256 € 0  
Consultations for upper 
respiratory symptoms (excluding 
allergic rhinitis) ages 15-64  € 53  3,35E-04 65270,24256 € 0  
Consultations for upper 
respiratory symptoms (excluding 
allergic rhinitis) ages over 65  € 53  1,13E-04 65270,24256 € 0  
Extra for RADs, total population € 69  2,96E-02 65270,24256 € 0  
      Total € 3.301.318  
PM VOLY median  /  Ozone 
median VOLY valuation 
Total cost 
PM Ozone PM and Ozone 
€ 3.301.318  € 19.931  € 3.321.249  
% of total 99,40% 0,60%   
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Appendix 7: Comparing results RiskPoll and CAFE model  
 
Table 16. Comparing results from RiskPoll and CAFE (VSL and VOLY median valuation) for Brindisi 
plant. (Endpoints marked in yellow not taken in account) 
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Table 17. Comparing results from RiskPoll and CAFE (median valuation) for Brindisi plant. (Endpoints 
marked in yellow not taken in account)  
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Appendix 8: Correction factors for emissions from different 
SNEP sectors 
 
 
 Table 18: Relative efficiency factors for SOx, NOx and PM.  (Source: European Environment Agency, 
2011.b.) 
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Appendix 9: Emissions from 12 coal-fired power plants in EU 
 
 
 
Table 19. Emissions from coal-fired power plants in the EU. (Source data: European Pollutant Release and Transfer Register, n.d.b.) 
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Appendix 10: Factor additional concentration on exposed population 
 
Effect of emission of 1,000 t (1 kt) of each pollutant from each 
country on population weighted concentration of PM2.5  across 
Europe 
Effect of emission of 1,000 t (1 kt) of each pollutant from each country 
on population weighted concentration of SOMO 35 across Europe 
  
 
Table 20. Effect of emission of 1,000 t (1 kt) of each pollutant from each country on population weighted. (Source: Holland et al., 2005.)
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